ABSTRACT
. INTRODUCTION
Interest in nanocrystalline zirconia (ZrO 2 ) ceramics, of average diameter in the 2-100 nm range, has increased during recent years, because of their properties (e.g., sintering ability, mechanical toughness, superplastic behaviour) are significantly different from those in a coarse grained structure [1] [2] [3] [4] . At atmospheric pressure, pure ZrO 2 exists in three well known polymorphs of P2 1/c monoclinic (m), P4 2/nmc tetragonal (t), and F m3m cubic fluorite (c) crystal structures, where m-ZrO 2 is the equilibrium bulk structure at low temperatures. Efforts have been made to obtain the high temperature phase t-ZrO 2 or c-ZrO 2 in a thermodynamically stable state at low temperatures using doping of MgO, CaO, Y 2 O 3 , or other similar oxides [2] [3] [4] . Emphasis has been given for the synthesis of such phases either by undersized or oversized Defence Science Journal, Vol. 57, No. 1, January 2007, pp. [41] [42] [43] [44] [45] [46] 2007, DESIDOC 41 cationic doping using hydrothermal processes, and sol-gel processes [5] [6] [7] .
In this study, synthesis of a nanoceramic t-ZrO 2 powder has been carried out using doping of undersized cations such as Li + . Murata 8 9 . A reconstructive decomposition follows on heating the polymer gel (dried and pulverised into a powder) in air, forming a refined Li+: t-ZrO 2 powder at temperatures as low as 500-600 °C.
The results are analysed in terms of XRD and microstructure of the Li+: t-ZrO 2 powders. 10 . Washing in cold water separated byproduct chlorides, resulting in a colorless transparent hydroxyl gel, which was then dried at 90-100 °C over a sand bath (Fig. 1) . size (D) was calculated from fwhm-values (full width at half-maximum values) in the diffraction peaks using the Debye-Scherrer relation. 
. EXPERIMENTAL DETAILS

. RESULTS AND DISCUSSION
Formation of Hydroxyl Gel and Derived
At room temperature, a hydroxyl compound formed in this reaction simultaneously encounters a thermal-induced disintegration as follows:
At low temperature, an interbridging in On heating, a controlled reconstructive molecular decomposition occurs from the polymer gel of thin fibrils, resulting in a Li + : t-ZrO 2 powder. A typical micrograph in Fig. 2(b) shows clusters of Li + : t-ZrO 2 crystallites in derived shapes (100 -500 nm dia) of precursor of thin fibrils. As can beseen by a close-up of the micrograph in Fig. 2(b) , the sample has Li + : t-ZrO 2 crystallites of rectangular bars (or prisms) of 15-25 nm average dia, which has been correlated to fwhm-values in the XRD peaks in the Debye-Scherer formula (D~20 nm) value. It demonstrates the sample consisting of mostly single crystallites. The final Li + : t-ZrO 2 size and morphology vary sensitively depending on the Li + content and the final calcination temperature.
Microstructure and XRD
X-ray diffractogram in Li + :ZrO 2 powder, after heating the polymer precursor at 500-600 °C in air, has a total of 19 peaks in the 20-100 ° range of the diffraction angle 2 . A typical diffractogram for 3.0 mol per cent Li + : t-ZrO 2 powder, heated at 600 °C for 2 h, is given in Fig. 3 . As marked by the (hkl) values, all the major peaks are indexed in terms of the lattice reflections from the P4 2/nmc tetragonal crystal structure as in the monolithic ZrO 2 12 . No diffraction peak is visible in independent Li 2 O, confirming the fact that most of the Li + used in this reaction is consumed in forming Li + -doped t-ZrO 2 .
In Table 2 , the observed values of the interplanar spacings d hkl are fairly reproduced, within a standard deviation of ± 0.0010 nm, assuming average lattice parameters a = 0.3615 nm and c = 0.5201 nm, with volume V = 0.0680 nm 3 and density = 6.01g/cm 3 . In comparison to = 6.10 g/cm 3 in monolithic t-ZrO 2 14 , a smaller -value observed in this example is according to smaller ionic size of Li + relative to the Zr 4+ value. As can be analysed by intensities in the diffraction peaks, as described earlier [10] [11] [12] , the sample has a small impurity ~ 5 per cent due to incipient growth of m-ZrO 2 .
The diffractogram of the precursor gel powder consists of three halos, as shown in the inset of Fig. 2, at powder occurs on heating the precursor at temperature as low as 500 °C in air. The PVA-sucrose polymer molecules offer three important functions: (i) a solid dispersoid, (ii) a templateing agent, and (iii) a solid fuel. The sample, having 3-5 mol per cent Li + , consists of as small crystallites as 10-25 nm, in shape of the tetraoids, unless heating above 600 °C. In comparison to traditional sol-gel process, this is a rather simple method for processing of shape-controlled ceramics such as ZrO 2 and its derivatives.
